ABSTRACT
SAŽETAK

Od ranih 1940-ih, značajan broj istraživanja je sproveden u pokušaju da se opiše uticaj visokog G ubrzanja na kardiovaskularni sistem. Cilj naše studije je bio da ispita ulogu sistema antioksidativne zaštite u stanju biodinamič-kog stresa u jetri, srcu i gastričnoj mukozi, prouzrokovanog izlaganjem visokim vrednostima +Gzna modelu pacova. Koristili smo 20 odraslih Wistar albino pacova muškog pola, (10 po grupi; starosti 9-11 nedelja, telesne mase 200-250g) podeljenih u kontrolnu grupu i G grupu (izloženi modelu biodinamičkog stresa pozitivnom (+7Gz)ubrzanju tokom 40s). Ispitivali smo uticaj akutnog biodinamičkog stresa na prooksidativne parametre u jetri pacova (oksidaza (ksantin XOD), katalaza (CAT), peroksidaza (Px), glutation peroksidaza (GSH-Px), ukupan sadržaj glutationa (GSH), lipidna peroksidacija (LPx)) i na histopatološke promene u jetri, srčanom mišiću i gastričnoj mukozi. Biodinamički stres uzrokovan pozitivnim ubrzanjem (+7Gz) je izazvao visoko statistički značajno povećanje aktivnosti CAT u poređenju sa kontrolnom grupom, kao i aktivnosti GSH-Px. Nivo LPx se značajno smanjio, ali sadržaj GSH i aktivnost ostalih enzima se nije značajno promenio. U G grupi otkrili smo značajne mikroskopske promene u jetri, srcu i gastričnoj mukozi. Naši rezultati jasno ukazuju na to da +Gz ubrzanje ima sposobnost da promeni biohemijske sisteme. Ove promene u ćelijskim procesima mogu biti posredovane uticajima hipoksije ili ishemije, menjajući antioksidativni kapacitet.
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INTRODUCTION
Reflecting improvements in the aviation industry, highly manoeuvrable aircrafts have been introduced to military aviation worldwide. Since the early 1940s, several research studies been conducted to describe how acute high-G acceleration exposure affects cerebral perfusion, regulatory cardiovascular mechanisms and consciousness in high-performance aircraft pilots during aerial combat manoeuvres (1) .
The pilots of these aircraft are exposed to acceleration forces (particularly +Gz) at higher magnitudes and for longer durations. "G" is a measure of the force experienced by a person due to acceleration, expressed in terms of multiples of the Earth's gravitational acceleration. +Gz is a description of the G vector in which the vertical (z) axis is parallel to the long spinal axis of the body, and the direction (+) is from head to foot. The G capability of a modern aircraft is high, but the G tolerance of a human organism is limited. The human body acclimates to conditions of high acceleration forces through physiological compensation mechanisms (2) .
Repeated exposure to high +Gz can induce significant physiological adaptation reactions associated with blood pressure regulation (blood volume reduction and decreased cardiac output) (3). In addition, cardiomyocytes and muscle fibres become damaged as a result of mechanical force and severe haemodynamic changes. The exposure of the human body to +Gz acceleration produces dramatic effects on the cardiovascular system (4). For example, during +Gz stress, the heart rate has been reported to increase in excess of 200 b /min -1 , and the left ventricular pressure has been estimated to reach 300 mm Hg. Several reviews concerning the overall effects of +Gz stress on the cardiovascular system have been published (5) . Acceleration on the +Gz axis increases pressure in the cardiac chambers. Some authors have confirmed that the effects of high +Gz were similar to the haemodynamic changes and redox imbalance observed in ischaemia reperfusion (I/R) (6) .
Other consequences of +Gz positive acceleration have also been described. Several studies have demonstrated that +Gz affects many organs, such as the lungs, liver, bones and kidneys, and even consciousness and acute gastric mucosal injury have also been observed. However, the effect of the exposure of pre-existing gastric mucosa injuries to +Gz conditions has not been extensively examined (4) (5) (6) (7) (8) .
The normal weight, hydrostatic pressure and physiological ventilation/perfusion gradients in the lungs are exaggerated under high +Gz forces, resulting in increased pulmonary arterio-venous shunting (5-7), which leads to the impairment of circulatory oxygenation and may also result in acceleration-induced atelectasis. Moreover, the effects of +Gz acceleration forces on brain damage as a result of ischaemia and hypoxia and the limitations of the cervical musculature have been described. The liver is the largest internal organ and plays an important role in metabolism. In experimental studies, repeated +Gz exposure can transiently cause liver dysfunction and trigger pathological changes (5) (6) (7) (8) .
Furthermore, +Gz exposure likely induces accumulative stress damage in the body, inducing organ dysfunction and triggering pathological changes and the activation of the biological defence system, including antioxidant and immune functions (7, 8) . Oxidative stress is defined as an imbalance between the production and removal of reactive oxygen species (ROS), which could lead to cell damage and cell death (9) . However, the activation of antioxidative processes induced by ROS likely inhibits several types of oxidative damage (10, 11) .
However, the mechanisms underlying injuries to the heart and other organs under high +Gz stress have not been systematically studied. The objective of the present study was to investigate the role of the antioxidative enzyme system in the liver, heart and gastric mucosa under biodynamic stress induced through high-magnitude +Gz exposure in a rat model.
MATERIALS AND METHODS
Experimental protocol
The present study used 20 adult male Wistar albino rats, 9-11 weeks old, weighing 200-250 grams, which were specially bred in a vivarium at The Center for Scientific Research ICN Galenika, Belgrade. Before seeing, rats (4-6 animals) have stayed in standard Plexiglas cages, in a room with controlled temperature of 22±1°C, relative humidity (65-70%) and day/night cycle (12:12 brightness / darkness). The rats were fed with standard food dedicated for laboratory rats. All research procedures were performed in accordance with the European Directive for the Welfare of Laboratory Animals (No 86/609/EEC) and the principles of Good Laboratory Practice (GLP).
All animals were divided into 2 groups (10 rats per group): C group (healthy animals without exposure to +Gz acceleration) and G group (animals exposed to positive (+7 Gz) acceleration).
In the present study, we examined the influence of acute biodynamic stress (+7 Gz) on the dynamics of the parameters of oxidative stress in the liver, such as the activities of xanthine oxidase (XOD), catalase (CAT), peroxidase (Px), and glutathione peroxidase (GSH-Px), the total contents of glutathione (GSH) and lipid peroxidation (LPx) and the histopathological alterations in the liver, cardiac muscle and the gastric mucosa.
+Gz stress exposure
Biodynamic stress through positive (+Gz) acceleration in gravity-altitude laboratories (CFC-35 centrifuge) was used to induce acute stress. The experimental animals were subjected to growing linear acceleration tests at increments from 0.1 G/s to + 7Gz in the gravity-altitude laboratories (centrifuge) of the Institute of Aviation Medicine, Military Academy in Belgrade, Serbia.
Prior to the growing linear acceleration tests, all animals were fasted (without food) for 24 hours in individual metabolic cages to prevent coprophagia. The centrifuge type-CFC-35 comprises two branches with cabins on both sides (for both humans and animals). These arms, which are attached to the pivot, around which rotation is made, are 9 metres in size. Positive (+Gz) acceleration was produced by the position of weights attached below the vertical axis of the cabin. A centrifuge has a maximum acceleration of 35 G (x, y, z) with an acceleration weight gain of 0.1 G/s. A programmer managed the centrifuge either manually or automatically. After fixation of the cage in the centrifuge cabin intended for animal experiments, the animals were exposed to positive linear acceleration (+7 Gz) for 40 s.
Thirty minutes after the centrifuge test, all rats were euthanized by decapitation. The chest and stomach were quickly opened, and the hearts, livers and gastric samples were harvested, repeatedly flushed with 0.9% saline, and stored at -80°C.
Tissue preparation for the determination of enzyme activity in the liver (GSH, GSH-Px, CAT, Px, XOD, and LPx)
Whole livers were isolated from the rats, and the tissues were homogenized in cold phosphate buffer (pH 8.0). The final tissue concentration in the tissue homogenate was 20 mg of tissue per ml of buffer (12) . The liver tissue homogenates were used to determine the levels of enzymes, such as GSH, GSH-Px, CAT, Px, XOD and LPx.
Determination of reduced glutathione (GSH) content
The GSH content in the homogenates was determined as the amount of non-protein residues using -SH Ellman's reagent according to Benzie et al (13) . To determine the GSH content in the homogenate, 1 ml of the homogenate was centrifuged in 2 mL of sulfosalicylic acid (4%) for 10 min at 3000 bmp/min. Subsequently, 0.05 ml of the supernatant was mixed with 2 ml of Ellman's reagent, and the absorbance was measured at 412 nm. The GSH content was calculated from the molar ratio and converted to per mg of protein over total protein.
Determination of glutathione peroxidase (GPx) activity
The activity of glutathione peroxidase was determined using cumene hydroperoxide according to Flohe et al (14, 15) . To this end, 0.05 ml of the homogenate was mixed with 0.75 ml of 50 mmol/dm 3 Tris-HCl buffer, pH 7.6 (Buffer 1), and controlled using a thermostat for 10 min at 37°C. Subsequently, 0.1 ml GSH (0.006 g in 10 ml of Buffer 1) was added to the control sample, and 0.1 ml GSH and 0.1 ml of cumyl hydroperoxide (0.05 ml in 10 ml MeOH) was added to the experimental sample, and both samples were incubated at 37°C for 5 minutes. Subsequently, the probe was added to 1 ml TCA (20%) for both samples, and 0.1 ml of cumyl hydroperoxide was added to the control. The cooled solution was centrifuged at 3000 bmp/min for 10 min. A total of 2 ml of a 0.4 M Tris-HCl buffer, pH 8.9 (Buffer 2) and 0.1 ml DTNB (0.02 g in 5 ml of Buffer 2) was added to 1-ml samples of the supernatant of each probe, and the absorbance was measured at 412 nm. The results are expressed in nmol/mg protein/min (ε= 1.36x10 4 dm³ mol -¹cm -¹).
Determination of catalase (CAT) activity
Catalase activity was determined using hydrogen peroxide as a substrate according to Viviez-Bauza et al (16) . A total of 3 ml of substrate (50 mM phosphate buffer, pH 7, 0.075 ml of 30% H 2 O 2 per 50 ml of KPi) was added to 20 μl of homogenate. The absorbance was measured at 240 nm, and the results are expressed in nmol/mg protein/min (ε=4.36x10 4 dm³ mol -¹cm -¹).
Determination of peroxidase (Px) activity
The peroxidase activity was determined using hydrogen peroxide as a substrate according to Bergmayer et al (17, 18) . To this end, 3 ml of phosphate buffer (0.1 mol dm -3 , pH 7), 50 μl of guaiacol (250 g in 100 ml of H 2 O) and 40 μl of hydrogen peroxide (140 μl of 30% H 2 O 2 in 100 ml of H 2 O) were added to 50 μl of homogenate, and the absorbance of the reaction product was measured at 436 nm. The results are expressed in nmol/mg protein/min (ε= 2.3x10 4 dm 3 mol -¹cm -¹).
Determination of xanthine oxidase (XOD) activity
The activity of XOD was spectrophotometrically determined by varying the optical density at 293 nm after passing hypoxanthine to uric acid, according to Bergmayer et al (18, 19) . A total of 3 cm 3 of 0.05 mol/dm³ potassium phosphate with pH=7.5, containing the EDTA and hypoxanthine, at a concentration of 1 mmol/dm³, was added to 30 μl of liver homogenate or 100 μl of haemolysate. The solution was centrifuged at 3000 bmp/min for 10 min. Finally, the absorbance of the reaction product was measured at 293 nm, and the results are expressed in μmol/g of liver or μmol min/mg protein/min (ε= 1.2x10 4 dm³ mol / cm).
Index of lipid peroxidation measured as the Malondialdehyde (MDA) concentration
The malondialdehyde (MDA) concentration was determined using the thiobarbituric acid method according to Halliwell et al (20) , wherein lipid oxidation is measured by 
GSH-Px (nmol/l)
CAT (nmol/l) the cell membrane via the lipid-peroxide reaction products formed in a reaction system using thiobarbituric acid. A total of 0.5 ml of homogenate was heated for 15 minutes in a water bath and subsequently added to a solution of 3 mL of thiobarbituric acid 0.375% to 15% TCA (3.75 g TBA+15+20.72 g of CCl 3 COOH mL of 37% HCl + 1-2 drops of α-tocopherol per 1 dm 3 solution). The solution was subsequently centrifuged for 10 minutes at 3000 bmp/min, and the absorbance of the resulting reaction product was measured at 535 nm. The results are expressed as nmol of malondialdehyde/mg of protein/min (ε = 1.56 x 10 5 dm 3 mol
).
H&E staining of paraffin-embedded tissues and detection of microscopic changes
Macroscopic and microscopic changes in the heart, liver and gastric tissues were observed in control and experimental groups. For histological processing, heart, liver and gastric mucosa samples were prepared using standard techniques (21, 22) . The specimens were fixed in 4% paraformaldehyde, dehydrated, embedded in paraffin, sectioned on a sliding microtome at 4-6 microns thick, and subsequently stained with haematoxylin-eosin (H&E). Histological samples were analysed using a Leica DML type S2 light microscope, harbouring a specific change in the photodocumented type of Canon Power Shot S70 digital camera (21, 22) .
In the experimental group, we observed and recorded every alteration of the gastric mucosa using a magnifying glass (3x zoom, Luxo Magnifier). The sizes of all changes were expressed in mm and documented using an Olympus C350 type digital photo camera.
Ulcer index of gastric mucosa
The ulcer index was recorded and calculated using Guth's method. Ulcer length ≤ 1 mm (including erosion foci) was scored as 1; 1 mm < ulcer length < 2 mm was scored as 2; 2 mm < ulcer length ≤ 3 mm was scored as 3; 3 mm < ulcer length ≤ 4 mm was scored as 3; ulcer length > 4 mm was scored as 5; and the score for ulcer width > 2 mm was doubled (23) .
Statistical analysis
All data are expressed as the means ± standard deviation (X±SD). Data before and after +Gz stress exposure were evaluated using one-way analysis of variance (ANOVA) with the least significant difference (LSD) test for post hoc analysis. Correlations between all parameters were analysed using Pearson's correlation test. All analyses were performed using SPSS 13.0 (SPSS Inc., Chicago, Illinois, USA). P values ≤0.05 were considered statistically significant.
RESULTS
Biochemical data
Biodynamic stress from positive (+Gz) acceleration for 40 seconds led to a significant change in the activity of certain antioxidant enzymes in the liver in the experimental group compared to the control group. Biodynamic stress led to a highly statistically significant increase (p<0.01) of CAT activity compared to untreated animals (control group), in which the activity of CAT was decreased, and a statistically significant increase (p<0.05) in GSH-Px activity (4.79 ± 1.67) was observed compared to untreated animals (3.17 ± 1.23). The level of the LPx (3.44 ± 0.5) was significantly decreased (p<0.05) compared to control (4.52 ± 1:05), but the content of GSH and the activities of other enzymes were not significantly changed. The levels of all enzymes examined in the G group of animals exposed to biodynamic stress by positive (+Gz) acceleration, compared to the levels in the control group, are shown in Fig. 1 . In the control group, Px activity was positively correlated with the levels of LPx (r=0.86; p<0.001). In addition, XOD activity was positively correlated with the GSH content (r=0.90; p<0.001) ( Tables 1  and 2 ). Interestingly, in the G group, which was exposed to positive (+Gz) acceleration, the CAT activity was negatively correlated with the GSH-Px activity (r=0.71; p<0.05) (Fig. 2) . In the heart tissue of the experimental group, significant macroscopic alterations were not observed, compared to healthy animals. However, in histological preparations of the heart, we observed altered and unclear cell borders, with the loss of the transverse leaf striping in the vertical direction (Fig. 5) . These microscopic myocardial lesions were mild and nonspecific and did not contribute to an aetiological diagnosis of the cardiac disease.
Control group
Gastric mucosa from the control group showed that the epithelium was intact, and the cells had no hyperaemia and oedema, and the submucosa and muscularis contained no inflammatory cells. In five of the ten animals exposed to positive (+ 7Gz) stress, we observed significant macroscopic changes in the gastric mucosa, with a total ulcer index of UI=1.54 mm ± 0.02 and a score of 2 (Fig. 6) . Moreover, the stress-induced gastric ulcers in the experimental group showed that the structure of the gastric mucosa was completely damaged, with gastric gland cell necrosis, cells displaying hyperaemia and oedema, and several inflamma- Table 2 -Correlation matrix of the studied parameters of oxidative stress in the livers of animals in the G group exposed to positive (+7 Gz) acceleration (*p<0.05; ***p<0.01).
Pathological morphological analysis
In the control and experimental groups, macroscopic and microscopic changes were observed in the heart, liver and gastric tissues.
In the livers of the animals in the experimental group, macroscopic alterations were not observed, while significant microscopic changes were observed in the liver tissue. The liver cells showed unclear boundaries, strong hyperaemia expression, vacuolysed cells and a high volume of liquids reflecting degenerative changes (Fig. 3) . The blood vessels were filled with compacted platelets, reminiscent of thrombotic changes. A large, organized thrombus was observed in the lumen of an artery. Inflammatory lesions, including lymphocytic infiltration, granuloma, macrophage aggregates and variable glycogen content, were not observed in the hepatic tissues of animals in the experimental group. Generally, hepatic parenchyma showed moderate interstitial haemorrhages (Fig. 4) .
The levels of GSH were decreased, but not significantly, likely reflecting the increased activity of GSH-Px, which was not be able to significantly "spend" reduced glutathione. Important non-enzymatic compounds of protection, such as GSH in the liver, were not changed compared to the control group, and under acute stress the protective role of these compounds was confirmed. Chen L et al investigated the effects of high-sustained positive acceleration (+Gz) for 15 days on rats. Interestingly, the activities of its antioxidant enzymes SOD and GSH-Px were decreased but the formation of malondialdehyde (MDA) was increased (24) . These results are not consistent with the results of the present study, and the difficulty in interpreting experimental data on animals tory cells infiltrating the mucosa, submucosa and muscularis (Fig. 7) .
DISCUSSION
The objective of the present study was to reveal the effects, including morphological effects, and investigate the role of antioxidative enzyme system under biodynamic stress in the liver, heart and gastric mucosa as a result of high-magnitude +Gz exposure in a rat model.
In the present study, we examined the influence of acute biodynamic stress (+7 Gz) on the dynamics of the parameters of oxidative stress in the liver, such as enzyme activity of xanthine oxidase (XOD), catalase (CAT), peroxidase (Px), glutathione peroxidase (GSH-Px), total content of glutathione (GSH), lipid peroxidation (LPx) and histopathological alterations in the liver, cardiac muscle and the mucosa of the stomach.
Initially, we examined the effect of positive acceleration on CAT activity, GSH content and GSH-Px. We observed significantly increased CAT and GSH-Px activity in the experimental group, whereas there was a statistically significant negative correlation between these two parameters.
As the catalase (CAT) enzyme is involved in the degradation of H 2 O 2 into water and oxygen, we assumed that in the state of the positive (+Gz) acceleration generated large amounts of hydrogen peroxide (34) . This idea was confirmed by the increased activity of GSH-Px, which by other metabolic pathways, in cooperation with GSHR, reduces hydrogen peroxide into water. This reduction of hydrogen peroxide was followed by the conversion of the reduced form of glutathione (GSH) into the oxidized form (GSSG) (22, 34) . In addition, the increased activity of catalase (CAT), as an enzyme for antioxidant protection, was observed in the liver of rats exposed to immobilization stress, alcoholic stress (99% ethanol) and stress induced by indomethacin, while the activity of GSH-Px in these three stress models was reduced in the liver (30) (31) (32) .
(mice and rats) lies in the diversity of these experiments (the diversity of additional substances, which show different properties, different mice/rats by sex and age, duration of +Gz exposing, level used, type and scope). Thus, acute biodynamic stress induced by positive acceleration (+7 Gz) is likely insufficient to significantly induce decreased levels of antioxidant enzymes, such as GSH (24) .
Generally, acute stress resulting from acceleration at high amplitude in exposed organism directly disturbs proper cell functioning, leading to vessel collapse and multiple organ ischaemia. Indeed, these processes are similar to those of ischaemia and reperfusion, as a major generator of reactive oxygen species (37) . During the stress of positive acceleration forces, resulting in many ischaemia/reperfusion injuries, it is important to evaluate the levels of antioxidant enzymes, such as the enzymes mentioned above.
Thus, cytosolic xanthine oxidase has been considered for many years as the main source of superoxide anion during the reperfusion of ischaemic tissues. Many authors have proposed that the mechanism of post-ischaemic reperfusion damage is mediated by xanthine oxidase (36) . In the present study, the levels of Px and XOD were not significantly changed compared to control conditions, and this finding confirms that the acute stress induced by acceleration for 40 seconds did unlikely generate significant ROS production, and under these conditions, the liver likely does not suffer oxidative stress.
Furthermore, levels of lipid peroxidation (LPx) were significantly decreased compared to the control, which was positively correlated with Px activity in the control group. Little is known about the acute effects of +Gz stress on lipid peroxidation; thus, it is difficult to compare these results with the results of other authors. Zhang et al described the importance of changes in the dynamic of LPx in various organs of rats exposed to chronic high +Gz stress (+10 Gz) for three weeks. This study showed significantly increased concentration of MDA in mitochondria infarction after exposure to +10 Gz-in, while the activity of SOD in liver homogenates and mitochondria in the kidney was significantly reduced, but repeated +10 Gz acceleration increased mitochondria LPx in hearts and affected the metabolism of free radicals in the liver and kidneys of rats (25) . Moreover, Zhan et al investigated the effects of repeated +10 Gz stress on cerebral lipid peroxidation, liver and renal function in rats. These authors showed that the lipid peroxidation in rat cerebral homogenate, mitochondria and cytoplasm was significantly increased (29) . These results indicated that repeated high +Gz stress could induce peroxidative injury in the brain and generate harmful effects on renal function. Thus, chronic biodynamic stress can induce more deleterious effects on the lipid components of the membrane compared to acute +Gz stress (25) .
To completely evaluate the effects of acute +Gz acceleration, we observed macroscopic and microscopic alterations in the liver, heart and gastric tissue of rats. There is limited data concerning the morphological changes in different organs and tissues (liver and heart) under high positive acceleration, and it is difficult to compare the results of the present study with those of other studies. We detected significant microscopic changes in all tissue samples mentioned above, but macroscopic changes were verified only in the gastric mucosa. Li J and co-workers studied the impacts of positive acceleration (+Gz) on the gastric mucosal tissues in cases of acute gastric mucosal injury and explored the role of oxygen free radicals (27) . The results suggested that +Gz exposure might aggravate the acute gastric mucosal injury, and changes in MDA and SOD contents in the gastric tissues indicated that the oxygen free radicals play an important role in this regard. The authors also concluded that the damage increased with increasing positive acceleration (27) . Some authors investigated the role of the exogenous administration of antioxidant enzymes under positive acceleration (+5 and +10 Gz) on gastric mucosal tissues and concluded that this pretreatment reduces gastric mucosal injury (28) .
Thus, the basic question is whether these antioxidant enzymes are indicators of oxidative stress and damage in the liver, heart or gastric mucosa?
In healthy animals with no macroscopic and microscopic alterations, the levels of Px activity were positively correlated with the levels of LPx. In the experimental group, the activity of these parameters was changed, and the activity of LPx was decreased while the activity of Px was insignificantly increased, with significant micro and macroscopic alterations in the mentioned tissues. To our knowledge, peroxidases (Px) are enzymes localized in cellular organelles, such as peroxisomes, which is also the location of many reactive oxygen species (ROS) (34, 35) . Under acute stress, we expected increased ROS and Px production, consistent with the results of the present study. However, the LPx level was paradoxical decreased, likely reflecting short-term biodynamic stress, while repeated stress induced increased levels of LPx (29) .
Under oxidative stress, we expected the increased activity of all antioxidant enzymes, such as GSH, CAT, XOD and GSH-Px, but the duration of the stress period was definitely a limiting factor in the present study. GSH activity was unexpectedly decreased, and the levels of other enzymes were insignificantly increased. Interestingly, these primarily enzymatic changes are excellent indicators of tissue damage but are not specific, as the values of parameters confirm the existence of damage but do not explain the extent and type of damage.
However, it is important to know the mechanisms by which positive acceleration induces harmful effects on different cells in organisms. Exposure to high-sustained positive acceleration (+Gz) has a pathophysiological effect on the heart of the rat. As critical regulators of cardiac myocyte survival and death, mitochondria may be crucially involved in +Gz-induced pathogenesis (33) (34) (35) (36) (37) . Chen and co-workers investigated myocardial mitochondrial ultrastructure, respiratory function, and antioxidant capacity in rats after exposure to +10 Gz for 5 min (33) . The results showed that high +Gz stress could damage the mitochondrial ultrastruc-
